Abstract-An assessment has been made of the potential for toxic effects to aquatic life that may arise from halogenated organic by-products formed by reaction of hypochlorite with organic matter in various use scenarios as a contribution to the risk assessment of sodium hypochlorite under the European Union Existing Chemicals legislation. In the study, samples that would represent worstcase models for effluents containing halogenated by-products from a range of uses of hypochlorite were prepared by chlorinating and then dechlorinating (removing residual chlorine) raw settled sewage (C/D-RSS). This sample was then compared to raw settled sewage that had not been treated (RSS) to assess whether halogenated by-products formed in the chlorination process were toxic or bioaccumulable and persistent. The relative toxicity of the samples was assessed using a series of tests with representatives of different taxonomic groups (bacteria, algae, and invertebrates). The persistence and potential for bioaccumulation of chlorinated by-products was assessed by exposing solid-phase microextraction fibers to samples of RSS and C/D-RSS before and after degradation in a Zahn-Wellens test. For all the taxa tested in the study, the mixture of by-products formed in the C/D-RSS sample did not increase toxicity relative to that measured in the RSS sample. Chlorination of the raw settled sewage did produce additional potentially bioaccumulable halogenated substances compared to the raw settled sewage. However, after degradation, the amount of potentially bioaccumulable halogenated substances in the RSS and C/D-RSS samples was comparable, indicating that these substances were degradable. The results are discussed in the context of the overall risk assessment for sodium hypochlorite.
INTRODUCTION
A risk assessment of sodium hypochlorite has been conducted under the European Union Existing Chemicals legislation that has involved considering the potential environmental impacts that may arise from halogenated organic by-products formed by reaction of hypochlorite with organic matter in various use scenarios. The risks of the major identified species formed, such as haloacetic acids and trihalomethanes, were assessed directly in conventional predicted environmental concentration/predicted no-effect concentration terms in the risk assessment. However, it was also considered important to assess potential effects of unidentified halogenated species, and it was decided to address this using a whole-effluent testing approach. This would also provide an additional perspective on the identified components. A tiered approach was planned for the testing program; a worst-case scenario was to be investigated first with others being assessed in a sequential manner on the basis of the evaluation of the accumulated data should the worst-case not show clear results. Chlorination of raw sewage was chosen as a worst case that would cover several other use scenarios where the substrates (natural organic matter including proteins, carbohydrates, and fats) and reaction conditions (pH Ͼ 6 with excess available chlorine) are similar but where the by-product mixtures discharged to the environment are expected to have a lower impact, for example, wastes from household bleach use discharged to a sewage treatment works (STW), wastes from industrial and institutional cleaning discharged to an STW, water from swimming pools discharged to an STW, drinking water discharged to an STW, treated cooling waters discharged directly to a receiving water, and sewage disinfected before discharge to a receiving water.
The by-product mixture formed by chlorinating raw sewage represents a worst case for the previously mentioned scenarios in two senses. First, the concentration of by-products in the test effluent is higher, often by orders of magnitude, than those that are discharged to the environment from these other scenarios. Second, the wide range of available substrates in raw sewage would mean that the range of by-products potentially formed would be likely to be wider than in the other scenarios. In the first four of the previously mentioned scenarios, effluent toxicity would also be reduced by biodegradation during sewage treatment.
Since the purpose of the study was to assess the risks of by-products and not the effects of residual chlorine that were dealt with separately in the risk assessment, the test procedure included a dechlorination step to exclude any toxic effects from residual chlorine. In the study, the acute and chronic effects of the by-products on algae and invertebrates were measured, which, based on toxicity data for individual substances, were expected to be the most sensitive taxa. Testing with fish was not included in this initial study for ethical and practical reasons, but this did not preclude subsequent testing should the results have shown this to be necessary.
MATERIALS AND METHODS

Sample preparation
On February 16, 2004, a 40-L sample of raw settled sewage from Henley STW (Buckinghamshire, UK) was collected in two 25-L plastic containers that had been rinsed with the sample before filling. The sample was returned to the WRc laboratory, and two 20-L aliquots were dispensed into large glass containers. One of the aliquots served as an untreated control (raw settled sewage [RSS] ), while the other aliquot was chlorinated (with 50 mg chlorine/L for 1 h) and then residual chlorine removed (referred hereafter as dechlorinated) by the addition of an excess concentration (40 mg/L) of sulfite (coding C/D-RSS).
A 1-L volume of a 1,000 mg/L sodium hypochlorite solution was prepared from a stock 10 to 12% Analar sodium hypochlorite solution by dilution of 10 ml of stock with groundwater. This 1-L solution was then added to one of the 20-L aliquots of raw settled sewage (C/D-RSS). A 1-L sample of groundwater was added to the other 20-L raw settled sewage aliquot that was acting as the unmodified control (RSS). The samples were then stirred for a period of 1 h.
Measurements of free residual chlorine in the samples were made in the raw settled sewage aliquots before and after the addition of either groundwater or sodium hypochlorite using the diethyl-p-phenylenediamine (DPD) method [1] . Residual chlorine concentrations (mg/L) were determined by adding 0.12 g of DPD to 8 ml of each sample. A Merck SQ 118 spectrophotometer (Merck, Poole, Dorset, UK) was calibrated at a wavelength of 550 nm and zeroed using a groundwater blank (2 ml of groundwater in a 1-cm cuvette). Two-milliliter aliquots of the samples were then transferred to a 1-cm cuvette, and the resulting concentration was determined.
The chlorinated C/D-RSS sample was then 'dechlorinated' by the addition of a 1,000-ml volume of an 800-mg sulfite/L solution (1,260 mg sodium sulfite/L) to achieve a final nominal sulfite concentration of 40 mg sulfite/L. A 1,000-ml volume of groundwater containing 35 mg/L of calcium sulfate was added to the unmodified RSS aliquot to balance the increase in sulfate in the C/D-RSS sample resulting from oxidation of sulfite to sulfate. The samples were again stirred for a period of 1 h after addition of the sulfite solution. At the end of this period, the residual chlorine level in each test vessel was measured.
The 22-L samples of RSS and C/D-RSS were then each subdivided into two aliquots. Seventeen-liter aliquots were centrifuged at 3,500 rpm for 15 min in a Sigma 6K10 cooled centrifuge (Sigma Laborzentrifugen, Harz, Germany) to provide material for the bacterial (Vibrio fischeri) bioluminescence, algal (Pseudokirchneriella subcapitata) growth inhibition, and Daphnia magna immobilization/reproduction toxicity tests. The purpose of centrifuging the samples was to reduce suspended solids concentrations to Ͻ20 mg/L (a level that would not affect the conduct of the tests). Five-liter aliquots were not centrifuged and were used for the biodegradation and bioaccumulation studies.
The samples were stored at 2ЊC until the results of an analysis of halogenated organic by-products (as adsorbable organic halide [AOX]) had confirmed that a severalfold increase had occurred in the level of these by-products following chlorination/dechlorination. A 48-h D. magna immobilization test was conducted on the freshly prepared samples so that any changes in toxicity that occurred during storage could be quantified.
Chemical analysis
Two 500-ml aliquots of the untreated RSS and chlorinated/ dechlorinated C/D-RSS were taken for analysis for biochem- [3] in a temperature-controlled orbital incubator. For each test concentration of the RSS and C/D-RSS samples, four flasks were prepared. Three replicate flasks were inoculated with algae, while algae were omitted from the fourth, which served as a blank to monitor any background changes in nonalgal particles. To avoid potential issues of nutrient deficiency, the same volumes of nutrients were added to all test solutions. Algae were added immediately after preparing the test solutions. The algal cell density of the starter culture was determined using an electronic particle counter, and the three replicate algae-containing flasks were inoculated to achieve an initial cell density of approximately 10,000 cells/ml. The background particle concentration and pH of each stock solution contained in the volumetric flasks were measured using an electronic particle counter and a pH meter, respectively. All flasks (inoculated and uninoculated) were then plugged with sterile foam bungs and placed under constant illumination (6,000-10,000 lux) and rotation (100-130 rpm) at 23 Ϯ 2ЊC. After 24, 48, and 72 h the particle density of each flask was measured. These measurements were taken by removing 0.5 ml of solution from each flask using a sterile pipette and adding this to 50 ml of Isoton before determining the particle density using an electronic particle counter. At the end of the test, the pH of each sample concentration was measured using the solution from a replicate flask. Table 1 . Analytical chemistry data for a range of determinants in the raw settled sewage (RSS) and chlorinated/dechlorinated raw settled sewage To ensure that the response of the algae was consistent with similar studies undertaken previously at WRc, a test with the reference substance zinc was also conducted at nominal concentrations of 100, 320, and 1,000 g Zn/L. This was achieved by comparing the results of the reference toxicant test with the in-house Shewart control chart. The actual exposure concentrations were confirmed by chemical analysis. The concentrations corresponding to the no-observed-effect concentration (NOEC), lowest-observed-effect concentration (LOEC), and 50% inhibition of growth (EC50) in the effluent and reference tests was then determined using a statistical software package ToxCalc5 (Tidepool Scientific, McKinneyville, CA, USA).
Daphnia magna immobilization and reproduction test
The 14-d D. magna immobilization and reproduction test was initiated on March 10, 2004, according to the OECD test guideline method 211 [4] . The juvenile D. magna used in the test were obtained from in-house cultures. The concentration series used for the RSS and C/D-RSS samples were 0 (control), 1.0, 3.2, 10, 32, and 100% sample. Fifty-milliliter aliquots of each concentration were added to 100-ml glass beakers, and one juvenile (Ͻ24 h old) daphnid was added to each test vessel. Twenty control vessels of groundwater were also used in the test. Observations of the number of mobile and immobile daphnids in each vessel were made daily, and the number of juveniles in each vessel was noted from day 9 on. Water quality parameters (pH, temperature, dissolved oxygen, and hardness) were measured at the beginning of the test. If pH and/or dissolved oxygen levels in the test solutions were outside acceptable test ranges, then modifications were made to ensure they were within range at the start of the test. The animals were fed each day with an algal suspension, and the test solutions were replaced every Monday, Wednesday, and Friday prepared from the stored RSS and C/D-RSS samples.
A zinc reference toxicant test accompanied the D. magna immobilization and reproduction test to ensure that the sensitivity of the test organisms was consistent with previous studies at WRc using this test organism. This was achieved by comparing the results of the reference toxicant test with the in-house Shewart control chart. The following nominal concentrations were used, expressed as zinc: 0.0 (control), 0.2, 0.4, 0.8, 1.6, and 3.2 mg/L. The actual exposure concentrations were confirmed by chemical analysis. The concentrations corresponding to the NOEC, LOEC, and EC50 in the effluent and reference tests were then determined using the statistical software package ToxCalc5.
Zahn-Wellens biodegradation test. The Zahn-Wellens test is a static die-away method measuring disappearance of DOC. The method identifies substances that have the potential to undergo ultimate biodegradation in an aerobic environment. The test material is dissolved in a buffered mineral salts medium and inoculated with activated sludge not previously exposed to the test material and incubated in darkness at constant temperature for 28 d. Analyses of DOC are made at intervals and compared against the concentration present at the start of the test. Biodegradation is indicated by DOC removal. The procedure and the activity of the inoculum are checked using a functional control substance whose pattern of biodegradation is well established. The Zahn-Wellens biodegradation test was carried out according to OECD test guideline 302 B [5] . Duplicate solutions containing the test substance (RSS and C/D-RSS) mineral nutrients and activated sludge in aqueous medium were agitated and aerated at 20 to 25ЊC in the dark for 28 d. A blank control (containing activated sludge and mineral nutrients but no test substance) and a reference sample (containing activated sludge, mineral nutrients, and diethylene glycol) were tested in parallel. Mineral medium was prepared according to test guideline OECD 302B the day before the tests were initiated and allowed to stand overnight at the test temperature. For the blank control, 5 ml of the concentrated mineral medium were added to a volumetric flask and made up to 2,000 ml with distilled water before being transferred to the test vessel. For the reference test, 2.22 g of diethylene glycol were weighed into a glass weighing dish and made up to 1,000 ml with distilled water (nominal concentration 1,000 mg organic carbon per liter). A 200-ml aliquot of the diethylene glycol stock solution and 5 ml of the concentrated mineral medium were added to a 2,000-ml volumetric flask and made up to a final volume of 2,000 ml with distilled water before being transferred to the test vessel. Duplicate test vessels were prepared for each of the test substances (RSS and C/D-RSS), where 5 ml of the concentrated mineral medium were added to make up to a total volume of 2,000 ml. Each of the test vessels was inoculated with 5 ml/L microorganisms of a mixed population obtained from the activated sludge of Henley Sewage Treatment Works (Buckinghamshire, UK) on the day of test initiation. Each of the test vessels contained a large polytetrafluoroethylene-coated magnetic follower and was connected to an airline that provided an even distribution of fine bubbles from the aeration tubes. After recording the pH (and adjusting, if necessary, to within a pH range of 6.5-8.0) for each of the treatments (day 0), the remaining test solutions were kept in the dark at a constant temperature (20-25ЊC).
In the test, degradation was followed by analysis of DOC [6] over a 28-d period. Samples were taken for the determination of DOC at test intervals of 0 (after 0 and 3 h), 1, 2, 7, 9, and 28 d for the control, reference substance (diethylene glycol), and each of the test substances (RSS and C/D-RSS). The ratio of eliminated DOC corrected for the blank, after each time interval, to the initial DOC value was expressed as the percentage biodegradation at the sampling time. The pH of the solutions in each of the test vessels was monitored every working day and adjusted with acid (0.01 M HCl) or alkali (0.01 M NaOH) to be within the pH range 6.5 to 8.0.
Assessment of bioaccumulation potential using solid-phase microextraction fibers. At the start (day 0) and end (day 28) of the biodegradation tests on the RSS and C/D-RSS samples, the presence of halogenated by-products with the potential to bioaccumulate was investigated using solid-phase microextraction (SPME) fibers. This involved using polyacrylate fibers (Supelco, Bellafonte, CA, USA) having a length of 1 cm and an internal diameter of 55 m. The fiber had a coating of 100 m polydimethylsiloxane. The volume of the polydimethylsiloxane phase was 0.621 l. The fibers were conditioned before use according to the manufacturer's instructions [7] . On day 0, replicates of the RSS and C/D-RSS samples were dispensed into 25-ml glass bottles. One fiber was placed in the middle of each sample bottle. No headspace existed in the bottle, and the fibers were brought into the solution through a seal in the cap of the bottle. The extraction period lasted for 24 h, and the solutions were continually stirred during this period. After the exposure period, the fiber was removed from the bottle, dried gently with a tissue, and stored at 4ЊC in a sealed container until analysis. The same procedure was repeated on RSS and C/D-RSS samples after 28 d of degradation. One of the replicate fibers from both the RSS and the C/D-RSS exposure on days 0 and 28 was analyzed for AOX, while the other fibers were analyzed for total halogenated by-products by direct injection into a gas chromatograph-mass spectrometer in electron capture mode. The concentrations of total halogenated by-products on the SPME fibers were quantified by comparison with areas under the curve for SPME fibers exposed to known concentrations of chlorinated paraffins.
RESULTS
Sample preparation phase
Chlorine (free and residual) measurements. Analysis of the free chlorine concentration in the sodium hypochlorite solution used to chlorinate the RSS resulted in a value of 980 mg/L such that the initial free chlorine concentration in the test vessels was estimated to be 46.7 mg/L. Following reaction of the sodium hypochlorite solution with RSS for an hour, the resulting level of residual chlorine was 8. Chemical analysis. Table 1 summarizes the analytical chemistry data for a range of determinands, BOD, COD, NH 3 , TOC, DOC, suspended solids, AOX, chloride, and sulfate, in the RSS and C/D-RSS samples. The C/D-RSS sample had a lower ammonia concentration than the RSS. Higher concentrations of BOD, COD, DOC, TOC, and suspended solids were measured in the C/D-RSS compared to the RSS. Because of the chlorination, larger molecules and polymers (e.g., proteins) will have become degraded to smaller molecules that may have been measured as BOD and COD. Table 2 summarizes the AOX measurements in RSS and C/D-RSS. Separate analysis of replicate samples confirmed that a 6.5-to 7.0-fold increase in AOX had occurred in the C/D-RSS sample relative to the RSS sample. The AOX levels in the centrifuged RSS and C/D-RSS samples were measured at the start of the toxicity tests and were found to be compatible with those in the freshly prepared samples. The AOX concentration in the centrifuged RSS was 110 g/L and 900 g/L in the C/D-RSS.
Initial D. magna immobilization test. The initial D. magna immobilization test on the freshly prepared samples showed that the toxicity of the RSS sample (48-h EC50 value ϭ 17.9%) was slightly greater than that of the C/D-RSS sample (48-h EC50 value ϭ 47.6%). The test can be considered valid since the results of the accompanying zinc reference toxicant test were consistent with the mean EC50 values from the in-house Shewart control chart for this test.
Test procedures
Bacterial (V. fischeri) bioluminescence test. Table 3 summarizes the results of the bacterial bioluminescence tests car- Algal (P. subcapitata) growth inhibition test. Table 4 summarizes the results of the algal growth inhibition tests carried out on the RSS and C/D-RSS samples between March 9 and 12, 2004. From the data, it is evident that the responses for both samples were similar with a reduction in algal growth being evident at concentrations exceeding 3.2% volume per volume (v/v). A greater than 50% reduction in algal growth was evident in both samples at concentrations of 32% v/v. No growth occurred in the 100% v/v concentrations of either the RSS or the C/D-RSS samples, indicating that toxicants were probably not responsible for the observed effects. Instead, the absence of growth was probably due to reduced light attenuation in the test vessels due to the presence of fine particulates. The resulting 72-h NOEC and 72-h LOEC for the RSS and C/D-RSS samples were the same, being 1.0% and 3.2% v/v, respectively. The 72-h EC50 values for the RSS and C/D-RSS samples were similar, being 19.5% (95% confidence intervals ϭ 15.9-24.0%) and 25.7% (95% confidence intervals ϭ 12.5-44.8%), respectively. The results of the test can be considered valid since the result of the zinc reference toxicant test (EC50 ϭ 642 g/L with 95% confidence intervals of 570-742 g/ L) was consistent with the mean EC50 values from the inhouse Shewart control chart for this test. Table 5 summarizes the results for the D. magna immobilization and reproduction test on the RSS and C/D-RSS samples that was started on March 10, 2004 . The extent of the immobilization of daphnids was similar for both samples with no effects being observed at 32% v/v and high levels of immobilization at 100% v/v. The results for the C/D-RSS sample are similar to those from the initial test on the freshly prepared sample. The RSS sample showed a slightly lower toxicity after storage. For both samples, production of juveniles was evident after 8 to 9 d. The numbers of juveniles per surviving adult showed a similar pattern for both samples, with increasing numbers from 1.0 to 10% v/v sample followed by a reduction at 32% v/v back to the numbers found at 1.0% v/v sample. The test can be considered valid since the results of the accompanying zinc reference toxicant test were consistent with the mean EC50 values from the in-house Shewart control chart for this test.
Daphnia magna immobilization and reproduction test
In the D. magna reproduction/immobilization test, the bellshaped response for juvenile production was probably the result of the competition between two factors: the presence of increasing levels of nutrients and/or food items with increasing sample concentration and the presence of increasing levels of contaminants with increasing sample concentration.
At the exposure concentrations of 3.2 and 10%, the enhanced effects of the nutrients and/or food items on juvenile production appear to outweigh the effects of the contaminants present. However, in contrast, at 32% v/v, the effects of the contaminants appear to outweigh the effects of the nutrients and/or food items. The levels of juvenile production observed in all the controls were markedly lower than in RSS and C/D-RSS treatments, presumably reflecting the greater levels of nutrients and/or food items present in the treatments.
Zahn-Wellens biodegradation test.
After sample collection and preparation, the RSS and C/D-RSS samples were stored at 4ЊC for 20 d while confirmatory AOX analyses were performed. During this period, a loss of DOC occurred because of degradation. In the RSS sample, DOC decreased from 43.2 to 21.7 mg/L and in the C/D-RSS sample DOC decreased from 59.4 to 45.6 mg/L. Table 6 shows the DOC (mg/L) values from the test vessels, the blank control, and the reference test after 0, 1, 2, 7, 9, and 28 d, which were determined by ultravioletpersulfate oxidation/nondispersive infrared. While the initial DOC analysis results for the RSS and C/D-RSS treatments were different (21.7 and 45.6 mg/L, respectively), the samples taken on day 28 show that degradation has occurred and that the remaining DOC concentration was similar in both treatments (11.1 mg/L for RSS and 12.0 mg/L for C/D-RSS). In the diethylene glycol reference test, the DOC levels decreased from an initial level of 94.6 mg/L to 18.7 mg/L after 28 d, indicating that Ͼ80% degradation of the test material had occurred during the test. No marked changes in DOC were evident in the control blank throughout the exposure period.
Assessment of bioaccumulation potential using solid-phase microextraction fibers. Table 7 summarizes the results of the analysis of the SPME fibers that had been exposed to RSS and C/D-RSS solutions before (day 0) and after 28 d degradation. The analysis of lipophilic organic halide (TOX) on the SPME fibers showed that the TOX concentration on the fiber exposed to the C/D-RSS sample on day 0 (510 g) was higher compared to the concentration on the fiber exposed to the RSS (160 g). After the RSS and C/D-RSS samples had been degraded for 28 d in the Zahn-Wellens test, the TOX concentrations on the fibers exposed to them were the same (100 g), indicating that the additional potentially bioaccumulable halogenated byproducts that were present in the C/D-RSS sample at day 0 were biodegradable. In the analysis of the TOX on the SPME fibers, the variability associated with the measurements of the RSS day 0, RSS day 28, and C/D-RSS day 28 samples was higher than for the C/D-RSS day 0 sample (Table 7) . However, this level of variability does not preclude drawing conclusions as to the changes in TOX between exposure regimes. The analysis of the total extractable halogenated organics on the SPME fibers by their direct injection into a gas chromatograph in electron capture mode provided data that were consistent with that for TOX. This showed that though the fiber exposed to the undegraded C/D-RSS sample contained more halogenated organics than the fiber exposed to the unchlorinated RSS sample, levels in the fibers exposed to the two samples after biodegradation were similar.
DISCUSSION
In the study, chlorination of the raw settled sewage did produce additional potentially bioaccumulable halogenated substances compared to the raw settled sewage control, as evidenced by the elevated levels of halogenated organics measured on SPME fibers. It is likely that these substances probably included some of the major typically identified by-products, that is, haloacetic acids (such as chloroacetic acid, dichloroacetic acid, and trichloroacetic acid) and trihalomethanes. However, the by-products formed during chlorination apparently did not bioconcentrate in the test species used in the toxicity tests (bacteria, algae, or invertebrates) to levels that were sufficient to result in enhanced toxic effects since similar responses were observed in the toxicity tests of the RSS and C/D-RSS samples.
The absence of enhanced toxicity in the whole-effluent tests on the chlorinated/dechlorinated RSS also needs to be considered in the light of predicted toxic effects resulting from the presence of halogenated by-products, such as trihalomethanes and haloacetic acids. Previous studies [8] have shown that in an operating sewage disinfection plant, with chlorine residuals Perspective on risks of halogenated by-products Environ. Toxicol. Chem. 25, 2006 Chem. 25, 1177 maintained around 55 to 58 mg/L, average chloroform levels rose from 4 g/L in the unchlorinated effluent to 71 g/L following chlorination, an increase of 67 g/L (equivalent to 60 g/L AOX). Other THM levels rose from 0.8 to 3.3 g/L, an increase of 2.5 g/L (equivalent to ϳ2.4 g/L AOX). The total AOX levels rose from an average of 91 g/L in unchlorinated effluent to 801 g/L following chlorination, an increase of 710 g/L. In laboratory experiments using 40 mg/L chlorine for 1 h, carried out during the same series of studies, estimates of the formation of dichloroacetic acid and trichloracetic acid (detected by gas chromatography-mass spectrometry as methyl ester) were 19 and 17 g/L (equivalent in each case to 10 g/L AOX), while the average AOX level rose from 188 to 625 g/L, an increase of 437 g/L. On the basis of ratios seen in other scenarios, concentrations of haloacetic acids other than TCA and DCA are likely to be around 10% of the combined DCA and TCA concentration, that is, another 2 g/L AOX [9] . The increases in AOX levels in these studies are consistent with those measured in the present study. The concentrations of haloacetics produced in chlorinated effluents are also evidently dependent on the chlorine dose used. In another study using a dose of 10 mg/L but with a contact time of 24 h, 7 g/L DCA and 2 g/L TCA were produced in the chlorinated effluent [9] . Although this study showed that the chlorination/dechlorination of raw settled sewage resulted in increased levels of halogenated by-products, it also showed that the substances formed by chlorination of the raw settled sewage were degradable. As a result, the amount of potentially bioaccumulable substances in the RSS and C/D-RSS samples after degradation was comparable.
The data obtained in the current study were also consistent with whole-effluent toxicity data for the freshwater invertebrate Ceriodaphnia dubia and the fathead minnow (Pimephales promelas) from an assessment of the use of hypochlorite for household laundry bleaching [10] . Chronic bioassays conducted with the treated bleached laundry wash water resulted in no toxicity to test organisms that could be attributed to laundry AOX, even at concentrations 40 times higher than the predicted environmental AOX concentration. The study also explored whether the by-product mixtures generated during laundry bleaching might contain significant quantities of potentially bioaccumulative species after sewage treatment. Based on a draft U.S. Environmental Protection Agency method [11] , samples were fractioned by high-performance liquid chromatography and subsequently analyzed by capillary gas chromatography with full-scan electron impact ionization mass spectrometry at a detection limit of 10 ng/L. This provided no positive or tentative identifications of chlorinated substances in the potentially bioaccumulative fraction. Similarly, no peaks corresponding to any of the compounds of highest concern were observed as listed by the U.S. Environmental Protection Agency. Comparison with unbleached laundry effluents indicated that the range of other potentially bioconcentratable compounds present was similar regardless of the use of bleach. It was concluded that use of hypochlorite in laundering is unlikely to generate persistent bioconcentratable compounds.
